The effects of extracellular phosphate and lanthanum on cytosolic free Ca2+ ([Ca2+] 
tolerance, renal bicarbonate wasting, increased calcium mobilization from bone, and hypercalciuria (1) (2) (3) (4) . Despite the recognized importance of extracellular phosphate in vivo, little is known of the mechanisms by which phosphate depletion leads to cellular dysfunction. The primary causes for the widespread manifestations of severe hypophosphatemia are presumed to be depletion of cellular ATP stores and of other critical phosphorus-containing compounds (1) . Although intracellular Ca2+ is known to be of major importance for proper cellular function, the possibility that phosphate depletion might alter cell function by modulating cytosolic Ca2" levels has not been investigated.
The purpose ofthe present study, therefore, was to evaluate the relationship between extracellular phosphate and cytosolic free calcium [Ca2+]i levels. In order to correlate the observed changes in [Ca2+] i with subsequent biological activity, isolated rat pancreatic acini were primarily used in the present study.
MATERIALS AND METHODS
Preparation of Isolated Pancreatic Acini. Isolated pancreatic acini were prepared from overnight-fasted male SpragueDawley rats (180-250 g), as previously described (5, 6).
Hepes-Ringer (HR) buffer, pH 7.4, used in experiments, contained 10 mM Hepes, 1 .28 mM CaCl2, 141 mM NaCi, 4 .7 mM KCl, 1.13 mM MgCl2, 11 .1 mM glucose, 1 mg of bovine serum albumin per ml, and 0.01% soybean trypsin inhibitor (5) . Sodium phosphate (1.0 mM) was present when specified. Whenever phosphate was omitted from HR buffer, it was replaced with 1.0 mM NaCl. Unless otherwise indicated, HR buffer was supplemented with Eagle's minimum essential medium amino acids (5) .
Cell Culture. IM-9 lymphocytes were obtained from the American Type Culture Collection (ATCC CCL 159, Rockville, MD). Cells were propagated in suspension at 370C in a 5% C02/95% air atmosphere, using RPMI 1640 medium supplemented with antibiotics and 10% fetal bovine serum.
Quin-2 Measurements.
[Ca2+]i levels were determined fluorometrically, using quin 2 tetrakis(acetoxymethyl ester) (quin 2-AM; Calbiochem) (7) . Pancreatic acini and IM-9 lymphocytes were incubated in a shaking water bath (60 cycles/min) at 370C for 30 and 90 min, respectively, in HR buffer containing 40 ,tM quin 2-AM. Cells were then rinsed three times in HR buffer devoid ofquin 2-AM and amino acids, resuspended in the same rinse buffer, and maintained at 23TC until just prior to the fluorescent determination (7) . Except when incubated with EGTA, acini were maintained at this temperature for up to 90 min without any significant change in the fluorescent signal. Fluorescence (F) was determined following centrifugation (10,000 x g for 2 sec) and resuspension ofcells in the rinse buffer at 370C (7) . The quin-2 signal was recorded on a temperaturecontrolled (370C) Aminco at 370C with 2 /XCi of 45Ca2l per ml (1 Ci = 37 GBq) (5, 10).
ATP levels (nmol per mg of protein) were measured using luciferin-luciferase (11) . Synthetic CCK-8 was a gift from Miguel Ondetti (Squibb, New Brunswick, NJ).
Statistical Analysis. Statistical analysis was done by Student's t test. Data were also analyzed by analysis of variance using an established computer program (Apple Macintosh Plus) to do multiple comparisons. Data were considered statistically significant at P < 0.05.
RESULTS

Effect of Omission of Extracellular Phosphate on Cytoplas-
mic Free Ca2' Levels. Following quin 2-AM loading, pancreatic acini and IM-9 lymphocytes were resuspended in HR buffer containing either 1.0 mM phosphate or no added phosphate. The resting mean [Ca2"]i levels in pancreatic acini were 128 nM in the presence of phosphate and 95 nM in its absence (P < 0.005; Table 1 ). The corresponding values in IM-9 lymphocytes were 141 nM and 108 nM, respectively (P < 0.005; Table 1 ). These values were not significantly altered by 0.1 mM lanthanum (data not shown).
CCK-8, when added at a concentration of 0.1 nM (data not shown) or 10 nM (Fig. 1 A and B) , rapidly enhanced the quin-2 fluorescent signal in pancreatic acini. The percent increase in [Ca2+] , when acini were incubated in complete HR buffer ( Fig. 2A ) was 77 ± 11 (mean ± SEM, P < 0.005) for 0.1 nM CCK-8, and 100 ± 12 (mean ± SEM, P < 0.005) for 10 nM CCK-8. Omission of phosphate from incubation medium (Fig. 1C) , or addition of lanthanum (0.1 mM) to complete HR buffer (Fig. 1E) , did not significantly alter the effects of CCK-8 on either quin-2 fluorescence or on the calculated percent increase in [Ca2+], (Fig. 2A) release in pancreatic acini-maximal stimulation occurring at 0.1-0.3 nM CCK-8 (5). Higher (supramaximal) concentrations of CCK-8 exert a submaximal stimulatory effect termed restricted stimulation (12) . In contrast, CCK-8-mediated 45Ca2' efflux, an indirect measure of cellular Ca2W mobilization (13) , is maximal at a concentration of 10 nM (11) . In the present study, omission of phosphate from the incubation medium did not significantly alter the actions of CCK-8 on either amylase release or 45Ca2' efflux (data not shown).
However, in the absence of extracellular phosphate, 0.1 mM lanthanum decreased amylase release induced by a maximally effective concentration ofCCK-8 (0.1 nM) to a level comparable to that observed with 10 nM CCK-8 (Fig. 2B ). This effect was significant within the first 10 min of incubation (Fig. 2D) . Further, lanthanum significantly decreased the effect of 0.1 nM CCK-8 on 45Ca2' efflux ( (23) and is completely blocked by lanthanum (10) . In the present study, addition of lanthanum to acini incubated in phosphate-free Table 2 . Effect of lanthanum on 45Ca2+ efflux Lanthanum is known to readily quench the quin-2 signal (24). However, it is unlikely that this was the cause for the lanthanum-mediated inhibition of the fluorescent signal under the incubation conditions employed in the present study. First, the quin-2 signal was generated inside the cell, whereas lanthanum does not penetrate the pancreatic acinar cell (22, 25 
